HPMA copolymer platinates as novel antitumour agents: in vitro properties, pharmacokinetics and antitumour activity in vivo.
The aim of this study was to compare in vitro and in vivo HPMA copolymer platinates with cisplatin in terms of platinum release, toxicity and antitumour activity. N-(2-hydroxypropyl)methacrylamide (HPMA) conjugates containing peptidyl side-chains (Gly-Gly or Gly-Phe-Leu-Gly) terminating in either carboxylate or amino species were prepared. The carboxylate polymeric intermediate was reacted with cisplatin, and the polymeric diamine with potassium tetrachloroplatinate to produce HPMA copolymer platinates of Mw 25,000-31,000 Daltons with a platinum loading of 3-7 wt%. The diglycyl spacer was selected because it is non-biodegradable, whereas the tetrapeptide spacer is known to be cleaved by the lysosomal thiol-dependent proteases. In vitro the HPMA copolymer platinates displayed a range of platinum release rates at pH 7.4 and 5.5; from < 5%/24 h in the case of the diamino species which require enzymatic activation, to > 80%/24 h in the case of the carboxylate. Cisplatin and the fast releasing carboxylate species displayed IC50 values of 10 micrograms/ml Pt-equivalent against B16F10 cells in vitro, whereas the slow releasing conjugates were not cytotoxic over the dose range studied. Antitumour activity of HPMA copolymer platinates was first evaluated against L1210 and B16F10 tumours inoculated intraperitoneally (i.p.). When conjugates were administered i.p., the antitumour activity observed against L1210 tumours was within the range seen for free cisplatin (ratio of mean survival of treated animals to mean survival of controls, T/C, 1.20-1.70). Neither cisplatin nor HPMA copolymer platinates were active against intraperitoneal (i.p.) B16F10 tumours when administered i.p. However, when conjugates were administered intravenously (i.v.) to treat subcutaneous (s.c.) B16F10 tumours grown to palpable size, free cisplatin was still not active but the HPMA copolymer platinates bearing carboxylate and diamine platinates showed significant antitumour activity (T/C > 1.35). Throughout these studies, the polymer platinates were 5-15-fold less toxic than cisplatin in vivo. After i.v. administration, the blood clearance of HPMA copolymer platinate was considerably slower (t1/2 alpha approximately 10 h) than seen for free cisplatin (t1/2 alpha < 5 min). HPMA copolymer platinates (15 mg/kg Pt-equivalent) gave rise to an approximately 60-fold increase in Pt AUC in B16F10 tumour tissue than was achieved after administration of cisplatin at its maximum tolerated dose (MTD) (1 mg/kg).